vision, the polytropic montage allows three-dimensional appreciation of the object; and the redundancy of information supplied by plural views permits an improvement in the optical "signal-to-noise" ratio. Thus, the useful contrast in the montage can be much greater than in its component pictures. It is anticipated that the polytropic montage will find wide application in fields ranging from astronomy to medical radiography. At present we are using it to surmount some limitations of contrast and geometry that have hindered the study of biological materials with the electron microscope.
A polytropic montage is a composite picture made by blending, point-bypoint, a number of separate pictures containing different geometrical projections of the same object or field. Blending is accomplished by use of an electronic film scanner and a digital computer. Although the polytropic montage may incorporate any number of views, it is otherwise analogous to stereoscopic vision, wherein the two views received by our eyes are combined mentally into a single impression. Like stereoscopic vision, the polytropic montage allows three-dimensional appreciation of the object; and the redundancy of information supplied by plural views permits an improvement in the optical "signal-to-noise" ratio. Thus, the useful contrast in the montage can be much greater than in its component pictures. It is anticipated that the polytropic montage will find wide application in fields ranging from astronomy to medical radiography. At present we are using it to surmount some limitations of contrast and geometry that have hindered the study of biological materials with the electron microscope.
In a previous study1 we examined a specimen consisting of unstained, unshadowed tobacco mosaic virus supported on a thin, carbon-parlodion film. By tilting the specimen between exposures in the electron microscope, we obtained a series of 12 transmission micrographs of a single specimen region viewed along different directions. From these pictures, we made detailed, high-contrast montages, which were virtually free of the fine background granularity that normally appears in high-resolution electron micrographs. Since then, we have improved the picture-processing techniques and developed a more accurate means of locating corresponding points in a set of micrographs. The possibilities for depth discrimination can now be exploited more effectively.
In the present study, we have used the polytropic montage to observe selectively the structures lying at various depths within a section of tissue. From a set of 12 electron micrographs, we generated a series of montages, each accentuating the details of a particular plane of the section. Whereas the depth of focus VOL. 65, -1970 BIOCHEMISTRY: HART AND YOSHIYAMA 403 of the electron microscope itself is more than 1000 A, that of a polytropic montage seems to be less than 30 A. It is therefore possible, in an ordinary tissue section 300 A thick, to distinguish the features belonging to a number of different strata, and to see intracellular objects with a clarity of detail that was previously obtainable only for isolated particulate specimens. The objects of interest in this study were some ribosomes attached to the endoplasmic reticulum in a rat liver cell. The tissue was fixed in glutaraldehyde, stained with osmium tetroxide, dehydrated, and embedded in Epon. We cut sections with an LKB ultramicrotome, picked them up from the knife trough on a parlodion film, and transferred them to the 70-I. hole at the center of a Siemen's platinum-disk specimen support. To make the mount more stable in the electron beam, we deposited a thin layer of carbon on the parlodion surface opposite the section.
On the free surface of the section and on the opposite free surface of the carbon deposit, fine particles of gold were formed in the following manner: In a vacuum chamber, the disk with its mounted section was peripherally supported 16.5 cm above a tungsten boat containing 30 ,g of gold. At a pressure below 10-5 torr, the gold was evaporated. The disk was then turned over, the boat recharged, and gold was similarly deposited on the opposite side of the mount. Next, the disk was transferred to a Petri dish containing distilled water, where it was allowed to stand on edge with both sides of the mount entirely wetted for at least 2 days at room temperature. During this period, water promotes the migration and aggregation of gold on the surfaces. After the water treatment, gold particles 10 A to 50 A in diameter are found to be well dispersed and quite uniformly distributed over both the upper and lower surfaces of the mount. For the purpose of establishing point-by-point correspondence among micrographs, particles made in this way are much superior to the colloidal gold particles used previously.
The electron microscope was a Siemens's Elmiskop I equipped with a standard anticontamination device (cold trap) and a 30-,2, self-cleaning objective aperture. Specimen tilting was accomplished with a specially constructed holder, as described previously.1 The 12 micrographs were made at a nominal magnification of 40,000 with an 80-kv accelerating potential. By use of a photographic enlarger and suitable masks, a small specimen region appearing on each of the micrographs was printed to a single photographic plate; thus, the combination plate contained 12 frames in a 3-by4 array (Fig. 1) .
The combination plate was contact printed to another glass plate, which was scanned by the methods described previously.1 The scanning path, based on extensive prior measurements of the gold-particle locations, was tailored to eliminate differences in geometrical foreshortening of the frames, as well as accidental variations in magnification, location, and orientation on the combination plate. After the 12 pictures had been scanned, digitalized, and recorded on magnetic tape, they were given a new correction to remove over-all intensity gradients from their fields. This treatment, accomplished numerically, is similar in effect to photographic "dodging." By further numerical treatment, the 12 frames were then normalized1 to bring them to similar values of over-all intensity and contrast. Aside from making the micrograph images more com- Figure 3 . patible for blending, these preliminary operations seemed to improve the pictures considerably (Fig. 1) . Finally, the 12 digitalized pictures were correlated and blended, point by point, in a CDC-6600 computer, and a montage tape was produced and displayed by the methods described previously.
To verify the entire technique, we made montages showing the planes immediately above and below the section and its support film. We obtained, as expected, clear images of the two sets of gold particles located on the upper and lower surfaces, respectively, of the mount (Fig. 2) These polytropic montages, and those of Figure 3 , were made from a common set of 12 electron micrographs ( Fig. 1) . Although the upper and lower sets of gold particles appeared together in the micrographs, their images have been completely segregated in this figure, and completely eliminated in Figure   3 .
from rat liver, it is perhaps surprising that they show no clear demarcation into two portions resembling the 62S and 46S subunits.2 On the other hand, it is conceivable that only the larger subunit has been retained and preserved here. Generally, electron micrographs of ribosomes in tissue sections do not demonstrate the presence of large and small subunits except in favorable material, where 15-20 per cent of the ribosomes may show such a division.3 The ribosome appearing on the left does have a dense or densely stained "appendage" at its distal end. This mysterious object, best seen at levels -3 through -1, is less than 50 A in diameter. It is far too small to be the 46S component, and we are not yet prepared to identify it with any of the known centrifugal components.
The ribosomal images produced by this new technique bear a general resemblance to those presented in an earlier study of frozen-dried, tungsten-shadowed 50S component from E. coli.4 The present images are thus compatible with the earlier proposal that each ribosomal particle consists of a ribonucleoprotein filament coiled in some complicated way. In Figure 3 , a filamentous substructure is most clearly shown by the ribosome on the right at level 0. The same FIG. 3.-Two ribosomes associated with endoplasmic reticulum in a section of rat liver. The polytropic montages are focused at ten different planes spaced 23 i apart. At each of these levels within the section, two montages differing in density discrimination are shown. Note the progressive change in specimen details with changing level of focus. 
